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Abstract 
Dwindling fossil fuels have forced us to maintain the current levels of energy use and transport systems, forcing us to find 
alternative fuels. The study deals with the extraction of biodiesel from waste cooking oil using trans-esterification process and 
blending with additive Pyrogallol to stabilize oxidation stability. In order to fulfill EN 14214 and ASTM 6751 standards, Pyrogallol 
as an additive was added to the biodiesel to increase the oxidation stability. Performance and emission investigation on a single 
cylinder direct ignition engine at half and full loads was carried out using three fuel blends, biodiesel-diesel (B20), biodiesel-diesel-
additive (B20A) and fossil diesel. The viscosity and Cetane Number of B20 and B20A are found to be (30.39% & 13.79%) and 
(5.43% & 2.23%) more than diesel. Engine performance and emissions were observed at a rated speed of 1500 rpm under two 
loading conditions (half and full). For 50% load, BTHE and BSFC for the engine running with biodiesel blend B20 and B20A are 
found to be 1.61% & 0.12% and 0.295% & 0.0295% higher than diesel. CO2 and NO2 emissions for B20 and B20A were found to 
be 5.49% & 3.64% and (1.24% & 0.31%) higher, while CO and UBHC were 33.33% & 16.67% and 6.98% & 2.33% lower 
compared to diesel. Addition of Pyrogallol brought the fuel properties, performance and emission parameters closer to that of 
diesel. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the Global Challenges, Policy Framework & Sustainable 
Development for Mining of Mineral and Fossil Energy Resources. 
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1. Introduction 
The low reserves of the fossil fuels, the price hikes and environmental concerns are driving the scientists in 
development of alternative fuels. One such alternative is biodiesel. The long chain monoalkyl esters that are obtained 
from biological sources like plant or animal fats and can be used as a fuel in diesel engines are known as biodiesels 
[1]. Biodiesel can be extracted from animal fats or vegetable fats like jatropa oil, rapeseed oil, palm oil etc. It can also 
be extracted from recycled WCO. Trans-esterification is used to convert fats to biodiesel on its reaction with alcohol 
in the presence of alkali catalyst. The end products are biodiesel and glycerol. Utilization of WCO as the raw material 
reduces the cost of production up to 60-90% [2]. Also, the by-product formed can be utilized in other industries. Virgin 
cooking oil if used may lead to food insecurity. 
 
Usage of biodiesel reduces the CO, CO2, HC, SOX, and particulate matter emissions [3]. On the contrary, some 
researchers have shown that due to better combustion of biodiesel more CO2 emissions were absorbed as CO got 
converted into CO2 [4]. According to EPA’s Renewable Fuel Standards Program Regulatory Impact Analysis released 
in February 2010, biodiesel obtained from soy oil, results in approximately 57% reduction in greenhouse gases 
compared to fossil diesel fuels [5]. Biodiesel is considered climate neutral and therefore doesn’t have any effects on 
CO2 emissions. Because of high oxygen content in biodiesel, better combustion occurs leading to lower emissions of 
CO. 
 
The project aims at extracting biodiesel from WCO and experimentally determining and comparing the fuel 
properties, performance and emission characteristics for three different fuels, namely B20, B20A, and fossil Diesel. 
B20 corresponds to the homogeneous mixture of 20% biodiesel and 80% diesel by volume, whereas B20A is obtained 
by adding antioxidants to the final biodiesel yield. 
 
Nomenclature 
ASTM American Society of Testing and Materials 
BP Brake Power 
BSFC Brake Specific Fuel Consumption 
BTHE Brake Thermal Efficiency 
EN European Standards 
UBHC Un-burnt Hydrocarbon  
WCO Waste Cooking Oil 
2. Experimental setup and materials 
2.1. Test fuels 
 IS 1460:2005 (5th Rev) diesel, B20 and B20 biodiesel with additives derived from WCO were used for the 
experimentation purpose. B20 fuel could be used without any engine modification; hence it was used for the 
experimentation. For a fuel to be used in a CI engine, the properties of fuel such as viscosity, density, cetane number, 
volatility and calorific value are of prime importance.  Because of the variations of these properties, there is a change 
in the performance and emission characteristics of the engine.  Because of higher cetane number of biodiesel, the anti-
knock characteristics of engine increases, thus the efficiency increases. Whereas, due to lower calorific value the 
power output of engine decreases, and hence for the same power output when run on diesel fuel, the BSFC of biodiesel 
increased.  Due to higher oxygen content in the biodiesel, variations in combustion characteristics were observed.  
Due to increased flash and fire points, it is comparatively easier to store and transport biodiesel. 
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2.2. Experimental setup 
The experiments were conducted on a single cylinder, naturally aspirated four stroke direct injection Kirloskar 
Diesel Engine.  The main characteristics of the engine are given in Table. This type of engine is commonly used for 
light agricultural and marine applications. A schematic diagram of the engine test rig is shown in figure. The engine 
was loaded using eddy current dynamometer at 1/4th, 1/2, and 3/4th of its full load capacity and was allowed to run for 
a sufficient amount of time till steady state was reached for the specific load. A data acquisition system was used to 
measure the brake power, torque, fuel flow rate, and exhaust temperature as shown in the table. The outlet temperature 
of the exhaust gasses and cooling water were measured using type K thermocouple and RTD respectively. Fuel system 
of the engine was not modified for bio-diesel. The injection system consists of a fuel injector with 0.5 HP monoblock 
pump. The engine was used without any modification in its fuel system.  A 10 crank angle resolution crank angle 
sensor is mounted on the engine shaft to monitor the engine speed, engine crank shaft position and top dead centre 
pickup. 
 
Table 1. Specifications of the Test Engine 
Engine Specifications  
Model  
Type 
Number of cylinders  
Combustion Chamber  
Cooling  
Aspiration  
Bore (mm) 
Stroke (mm)  
Connecting rod length (mm)  
Displacement (cc)  
Compression Ratio  
Kirloskar TV1 
4- stroke, Diesel 
1 
Direct Injection 
Water Cooled 
Natural 
87.5 
110 
234 
661 
17.5:1 
Maximum Power (KW)  5.2 @ 1500rpm 
Fuel Tank Capacity 15 
 
2.3. Benefits of using antioxidant 
Biodiesel being composed of long chain of fatty acids is easily susceptible to oxidation. Upon oxidation the fatty 
acids present in the biodiesel convert into long chain polymers, thus increasing the viscosity and altering the physical 
and chemical nature of the biodiesel [4]. In order to fulfil EN 14214 and ASTM 6751 standards, antioxidants were 
added to the biodiesel to increase the oxidation stability [6]. Although natural antioxidants like α-Tocopherol and 
flavonoids are present in the undistilled fuel, the distillation process during refining of biodiesel leads to removal of 
the antioxidant and results in decrease in the oxidation stability. Also when the vegetable oils are subjected to higher 
temperature conditions, the natural antioxidants present in the oil starts deteriorating at a faster rate, thereby, 
decreasing its stability [7-9]. Oxidation cannot be entirely prevented but use of synthetic antioxidants can improve the 
oxidation stability and the antioxidant effect increases as a function of its concentration [6]. Pyrogallol as an 
antioxidant was used for experimentation in concentration of 1000ppm in the final biodiesel yield. Pyrogallol was 
found to give the max induction period [9]. With addition of antioxidants, the viscosity of biodiesel was found to 
decrease. 
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2.4. Methodology 
The fuel level, cooling arrangement and lubricating systems were checked. The speed of crank shaft is adjusted to 
its rated speed of 1500 rpm. The engine is allowed to run idle for 5 minutes to attain steady state. The readings taken 
are for full load (1.7 V), 3/4th load (1.26 V), 1/2 load (0.85 V) and 1/4th load (0.42 V). Time for 20 cc of fuel 
consumption, load on the electric dynamometer, spring balance reading, manometer reading, the thermocouple 
readings and the water meter readings were noted. 
                                    
3. Results and discussion 
3.1. Engine Performance 
 
 
 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Variation of Brake Thermal Efficiency with Load 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Variation of SFC with Load 
 
 
Investigations on performance and emission parameters were undertaken for Diesel, B20 and B20A. A comparison 
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of brake thermal efficiency and brake specific fuel consumption was carried out for the above fuels. The BTHE for 
B20 and B20A was found to be 1.61% and 0.12% higher than fossil diesel when engine was operated at 50% of full 
load, and 10.79% and 6.05% at higher when operated at full load, the reason being the increase in cetane number by 
5.49% and 2.22% in B20 and B20A when compared to fossil diesel. Increase in cetane number increases the anti-
knock characteristics which in turn results in better combustion and increased engine efficiency. Fig. 1 and Fig. 2 
shows variation of BTHE and BSFC for B20, B20A, and fossil diesel at different loads respectively. Decrease in 
calorific value for B20, B20A when compared to fossil diesel (decrease by 4.81% and 3.40%) resulted in increase in 
the BSFC by 0.295% and 2.96% for B20 at 50% and 100% of full load respectively, whereas the corresponding values 
were 0.0295% and 1.91%  for B20A. 
3.2. NOX and CO2 emissions 
 
 
 
                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Variation of  NOx Emissions with Load 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  
Fig. 4. Variation of CO2 with Load 
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Fig. 3 shows NOx emissions for Diesel and Biodiesel (B20 & B20A). NOx emissions are higher for biodiesel blends 
(with and without additives) than mineral diesel. Taking 50% and 100% of full load, the rise in NOx emissions for 
B20 fuel are found to be 1.24% and 5.33% higher and for B20A it is 0.31% and 2.8% higher than neat Diesel 
respectively. NOx emissions are sensitive to oxygen content; biodiesel contains more oxygen which reacts with the 
nitrogen present in air. But these NOx emissions are reduced considerably when B20A is used as a fuel because 
presence of antioxidant in fuel reduces the tendency of oxygen to react with the atmosphere. 
 
From Fig. 4, it can be observed that CO2 emissions increased continuously with increase in load.  Due to higher 
oxygen content in the biodiesel, CO2 emissions for B20 and B20A increased, which indicate better combustion. CO2 
emissions for B20 fuel were found to be 5.49% and 3.19% higher than diesel fuel, at 50% and 100% of the full load 
respectively, whereas for B20A the corresponding values were 3.64% and 2.13% respectively. Lower emissions for 
B20A when compared to B20 are due to the fact that oxidation stability of B20 is increased when Pyrogallol was 
added, thus lesser tendency of oxygen present in the biodiesel to react with oxygen present in environment. 
3.3. CO and UBHC 
 
 
 
 
 
 
 
                  
 
 
 
 
 
 
Fig. 5. CO Emissions for various loads 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. HC Emissions for various load 
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Fig. 5 shows that CO emission at 50% of full load is 33.33% and 16.67% less and at full load 29.07% and 24.42% 
less for B20 and B20A respectively. From Fig. 6 it can be observed that UBHC emission decreased for above loads 
by 6.98% and 2.33% and 2.86% and 2.86% for B20 and B20A when compared with diesel. CO is predominantly 
formed due to lack of oxygen; the emissions are lower for B20 when compared with diesel fuel, which indicates that 
better combustion takes place when using B20 as a fuel for the reason that it contains more oxygen which acts as 
combustion promoter and reacts with carbon and hydrogen to form carbon dioxide and water vapour respectively. The 
emissions for B20A lies between that of B20 and diesel fuel due to fact that its oxidation stability has been increased. 
3.4. Combustion 
The maximum in-cylinder pressure for diesel fuel is found out to be 58.26355 bar, for B20 52.75081 bar and for 
B20A 55.77062 bar. From Fig. 7 it can be seen that the Diesel in-cylinder pressure is 10.45% higher than B20, and 
4.47% higher than B20A. Since the peak pressures of both B20 blends were less than that of Diesel fuel, there should 
have been no effect on engine durability and there should be no problem related to knock, combustion or partial burn 
with engine performance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Fig. 7.  Variation of Pressure with Crank angle 
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